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A b s t r a c t
Cellars of the main building of the University of Agriculture in Krakow are used as storage areas, laboratories 
and as classrooms. This article presents the results of many years of temperature measurements in one cellar 
room;  internal and external air  temperature as well as  temperatures of  the walls,  the floor and adjacent 
ground were recorded. In the winter season, the examined room was intermittently heated. Using measured 
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S t r e s z c z e n i e
Piwnice w budynku głównym Uniwersytetu Rolniczego w Krakowie są używane jako magazyny, labora-
toria oraz sale lekcyjne. Artykuł prezentuje wyniki wieloletnich pomiarów w pomieszczeniu piwnicznym; 
temperatury powietrza wewnętrznego  i  zewnętrznego,  ścian,  podłogi  oraz w gruncie. W zimie piwnica 
była ogrzewana z przerwami. Obliczenia trójwymiarowego, niestacjonarnego przepływu ciepła wykonano, 
wykorzystując pomierzone warunki brzegowe. Do obliczeń zastosowano program WUFI®Plus. Wyniki 
pomiarów  i  obliczeń  temperatury w przegrodach  i  gruncie  porównano  statystycznie. Wyniki  pozwoliły 
określić dokładność obliczeń warunków termicznych wokół piwnicy okresowo ogrzewanej.




In  addition  to  active  heating  systems,  the  ground  and  the  external  climate  are  factors 
affecting  heat  and moisture  phenomena  in  buildings. Most  of  the  external  partitions  are 
in contact with the outside air; however, some of the rooms have partitions adjacent to the 
ground –  these can be not only floors, but  also,  external walls  if  the building  is  recessed 
in  the  ground.  If  the  room has more  than  70% of  the walls  adjacent  to  the  ground,  it  is 
defined as a basement.
If the ground and water conditions allowed, cellars were usually included in buildings. 





of  the  building  and  to  some  extent,  reduces  heat  loss.  The  large  heat  capacity  of  the 




In  summer,  the  temperature  of  ground  surrounding  the  building  is  lower  and  in  winter, 
it is higher than the external air temperature.
Today,  in  order  to  reduce  energy  consumption,  intermittent  heating  and/or  variable 





The  aim  of  the  experimental  measurements  and  calculations  was  the  recognition 
of temperature in the environment of cellar rooms being periodically heated over the period 




room,  as well  as  to  analyse  the  thermal  and  humidity  conditions  in  the  basement  [2,  3]. 
This paper presents the results of comparative calculations made by means of the WUFI®plus 
software.  Calculations  include  the  period  from  2010-2014. The  article  provides  detailed 
measurement  and  calculation  results  for  the  years  2010  and  2011  and  the  results  of  the 
statistical, comparative analysis for this period. The aim of the study was the determination 
of the possibilities of using the model and the WUFI®Plus software to calculate the thermal 
conditions  in  the  room  and  the  ground.  The  program was  previously  validated  in  terms 




2. Methodology of experimental measurements and calculations
The object of the research is a basement room of the main building of the Agricultural 
University,  built  in  the  nineteen-sixties,  used  today  as  laboratory  and  teaching  space. 
The basement walls are made of solid brick with plaster on both sides with a total thickness 
of  0,55 m. The  floor  is made  of  PVC  tiles  lying  on  a  concrete  slab with  a  thickness  of 
10  cm. Thermal  insulation of  basement walls  or floor  has  not  been  applied. A horizontal 
section of the basement and investigated room is shown in Fig. 1.
On  the  partition  surfaces  of  the  tested  room  and  in  the  surrounding  ground,  20  PT 













It  was  assumed  that  within  the  particular  assembly  (wall,  floor,  ground),  the  thermal 




The calculation of heat flow  in  the partitions  and  the ground was made  for  the  entire 
measurement  period. Air  temperature measured  inside  and outside  the  room was  used  as 
a  boundary  condition.  Heat  exchange  coefficients  were  assumed  according  to  PN-EN 




with  the  results of measurements and analysed statistically. The  following measures were 






For  all  conducted  tests,  a  level  of  significance  of  a  =  0.05  was  adopted.  Normality  of 
distribution  of  the  variables  was  checked  by  means  of  a  Kolmogorov-Smirnov  test. 
For statistical calculations, the STATISTICA program, version 10, was used.
T a b l e  1




















T a b l e  2












Cement-lime plaster 0.85 840 1850 0.02
Solid brick 0.8 870 1770 0.51
Cement-lime plaster 0.85 840 1850 0.02
Moisture insulation on 
glue
0.18 1460 1000 0.003
Floor
PCV floor covering 0.2 1460 1300 0.004
Concrete 1.8 850 2200 0.1
Other
Ground 1.6 1430* 1950 –
* Includes 15% of the ground moisture in the natural state
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Ta b l e  3
Window parameters in the test room
Parameter Unit Value
The heat transfer coefficient U W·m–2·K–1 2.6
Framework coefficient fR – 0.7
Average coefficient of solar radiation transmission TR – 0.65
3. Measurement and calculation results
As  already mentioned  (Introduction),  calculations were  performed  for  the  years  2010 
and  2011.  Fig.  4  shows  the  example  results of  the  calculation  of  the  temperature  pattern 
at two measuring points against the measurement results. 
Point number 10 is  in  the middle of  the floor of  the room (Fig. 2).  It can be seen that 
in  this  case,  the  influence  of  the  boundary  condition  is  stronger. Whereas,  point  number 
8  is  significantly  further  away  from both  the  room and  from  the  ground  surface  (outside 
air). Agreement of calculation and measurement results is usually stronger for points which 
are  located  ‘closer’  to  boundary  conditions.  This  is  also  confirmed  in  the  case  of  other 
measurement points.
It  can  be  seen  (Fig.  4)  that  in  February  2011,  there  was  a  fall  in  temperature  for 
approximately 2 weeks – this was caused by switching off the heating in the room during 
Fig.  4.  The course of the temperature measured and calculated at measuring points 10 and 8 









beginning,  heat  flowed  from  the  partitions  and  the  ground  to  the  internal  air; within  two 
weeks, the air temperature decreased from above 20°C to about 12°C. The floor temperature 



















and  the floor, Ɵc -  temperature calculated  in  the ground and  the floor, Ɵe – outside 
air temperature
40
Ta b l e  4





















between  calculation  and  experimental  results  are  slightly  greater  than  those  at  other 
measurement  points. These  points  are  further  away  from  the  boundary  conditions, which 
















than  the  air  temperature.  It  could  be  estimated  that  approximately  1m  ground  thickness 
exchanged heat with inner air during this period.
Results  of  comparative  calculations  with  measured  air  temperatures  as  boundary 
conditions  showed  strong  agreement with measurements. Maximum,  absolute  differences 
did  not  exceed  5°C.  The  correlation  was  highly  significant  at  all  measurement  points. 
Calculation  accuracy  was  slightly  better  in  points  located  geometrically  nearer  to  the 
boundary  conditions.  However,  calculation  results,  obtained  with  estimated  material 
properties of assemblies and the ground, correctly reflect the thermal performance of a cellar 
room and heat exchange with the surrounding soil.
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